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SHORT PULSE TECHNIQUES FOR HICH DEFINITION RADAR SYSTEMS

I. JNIRODUCTION

The term "shortepulse technique" as used in this report applies to the
investigation and the solution of the following problemss (a) the effect of
wvariation of the pulse length of a radar system on the signals received from
various types of targets and such as land signals, eirplanes, boats and shipe,
and from various forms of clutter such as clouds, ses clutter and window;

(b) the factors to be considered in the design of components to be used to

" produce short pulses, and the corresponding receiving and indiceting ecmpcments
required to display such pulses; and (¢) the effect of short pulses on mepping,
signal definition, snd minimum range.

The study of short pulses was initiated in Group 44 as a countermsasure
against such types of interference a&s window and false signsls, as well as &
method of reducing the signal return from clouds. FPrevious work at longer
pulses had shown that the intensity of a sigmal from & cloud formation could
be reduced by using shorter pulses, Since the sipgnal return from window and
false signals is of the seme nature as that from s cloud, it was felt that
this type of interference could be largely eliminated by the use of very short
pulses, In addition, it was considered important to determine to shat extent
the problems of minimum ranpe and signal definition could be solved Ly the
use of very short nulses and correspondingly narrow antenns patterns,

11, W.

The work on short pulses has been carried out on three systeas, the
D2=1, J1=1, a:d S=2, These three systems are located on the roof of the

George Ksstman laboratory where they conmmand s fairly good view of the
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surrounding vicinity, These sots are not preproduction models for sny systems
used in the field by the armed forces. They are used primarily in connection
with the experimental work carried on by Group A4.

The D2-1 1s an experimcntel X-band system operated at a wavelength of
3.2 ca with a peak power output of approximately 100 Xw. It 1s completely
flexibls so that any type of radar equipment ean be used in connection with it,
The r=f system of the D2-1 is made up of the following components. A 48 inch
paraboloid, fed by a dipale antenna array mountod at the end of a waveguide
transmission line, is used as the anternz system to furnish a narrow antenna
besm, 1.6° wide at ths half-power points. A waveguide transmission line
approximately 20 feet long ani containing thres rotating jointes 1s used to
transmit the r-f power from thc magnetron to the antenna systea. Ths function
of three rotating joints is to sllov the antenne system to be rotated contin-
uously in aszimuth, to be tilted in elevation from =5 to ¢ 75°, and to be
changed from horisontal to vertical polarization while the system is scanning
in asimuth or elevation, The ref power is furnished by a 725A megnetronm,

The modulator used on this system is a hard tube modulator designed and
built especially for s'ort pulse work., It will furnish pulses ranging in
length from 0.6 to 0,03 nsec. The peak voltage and current available are
20 kv at 30 amperes.

Ths receiver used on ths system is a special ﬁ‘ud band type dssigned

for short pulse wor' . It has an i=f pass bend of 15 Mc/ssc centersd at 30 Mc/sec.

This pacs band can be narrowed to 7 Mc/sec and 1.5 No/sec by the ingertion of
the appropriate filter networks. The i-f amplifier has sufficient pain at all
pass bands for noiss to saturate. The receiver is mounted on the mixer and
duplexer in thc waveguide transmission line and the vidso sirnals are' applied

at 5 volts maximum arplituds through a 75 ohm cabls to the videc amplifiers,
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Ths indicators used include three intensity modulated indicators and
an A-gcope., The intensity modulated indicators consist of a 5-in, m=e EEI
with sweep lengths of 5, 50, and 100 miles, 2 7=in, m=e PPI with sweep lengths
of 10, 30, and 50 miles, and & 7-in, m=m PPI with sweep lengths of 1, 2, and
3 miles. The latter is used for high definition mepping of near<by targets.

A 7-Mo/sec noun-linear video amplifier 13 used to drive thsse tubes. The A-goope
oongists of a 5-in, cathode ray tube with sismals being applied to it by a
10-lc/sec video amplifier, which has sufficient gain to produce a Jein,
deflection on the scope from an input signal of 5 volts. The sweep speeds
available vary from 5 to 0,005 in./psec, 1.e., 150 yards to 100 miles for the
full 5 in. sweep.

The central control unit consists of a erystal controlled accurate renging
unit which furnishes the uln_triggor to the modulator and ths indicators,
and also a delayed trigeer which can be continucusly delayed out to 100 miles.
This trigger is used to delay the swesp on the A=scope so that any dssired
portion of ths entire range cen be presented on an expanded swesp., The
trigger repetition frequency can be varied from 250 to 4000 pulses/sec. In
addition ths control unit furnishes 1 mile and 10 mile rengemarks whioch can
be applied either to the A-scope or the FPI's.

The J1-1 aystem 1» nn experimental S-bend system opersting at a wave=-
length of 9.1 cm with a pesk power output of appro:-imately 50 kw., The fumetion
of this gystem is very similar to the D21 and it has the same degree of
flexibtdlity,

Ths ref system of ths Jl-l1 contains the following components. A 48-in,
parsboloid fed by a dipole array mounted on the end of a stub=supported trans-
mission line 1s used as an antenns system to give an antenna pattern of 5° at
half powor points. The r=f power is transmitted from th. magnetron to the

antenna by means of a 20~ft, stub -supported transmission line containing three
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rotating joints. These rotating joints allov the same freedom of motion in
the antenna system as 1s possible in the antenna system of the D2-1, The r-f
power is furnished by a 2J25 magnetron,

Ths modulator used in this systes is of convential desipn, modified to
give pulse lengths verying in length from 5 usec domn to, 0,10 nsec. It is
8 hard tube type furnishins pulses at & peak voltege and current of 15 kv
at 30 amperes,

The receiving and indicating components are also similar to those used
4n the D2-1, The receiver is identicel in passband and gain characteristics,
tut it bas an input designed for an S=band mixer. The indiecators used consist
of a 7=in, m=e EEI, g 7-in, m-e PPI, and the same 7=in, m=m PPI with the fast
sweeps as is used on the D2-]1, This indicator is located on the indicater
table half way between the twuo systems and can be used on either system merely
bty switching selsyn controls and video signals. A 7 Me/sec video amplifier is
used to drive these indicators. The A-scope used on the ‘J1-1 is identical to
that used on D2-1,

The central control system on Jl-1 comnsists of a crystal controlled
scourate ranginz unit which containg tvwo Jescopes (circuler trace tubss), A
2000-yard sweep and a 32,000~yard aweep are applied to these tubes, and any
desired 2,000~yard section on the 32,000-yard sweep tube can be presented on
the fast sweep scope. In addition, any 32,000~-yard section extending out to
480,000 yards can be presented on the 32,000=yard scope, This unit furnighes
the main trigrers for the modulator and indicators. The trigrer repetition
frequency cen be varied from 250 to 4,000 pulses/sgec,

The most recent experimental system incorporating advanced dssign features
has been given the designation S-2, It is located on a psnthouss on the rrof
of George Eastman lLaboratory at N.I.T. From this position the system has an

unobstructed view in all directions except in the dircction of ths main dowme
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on M, I, T, This system has both an S-band and an X-band radar set tuilt
ixto it. The X-band system was designed primarily for work on short pulses
while the S~band system was used mainly on other AJ studies,

The antenna system used on S-2 consists of & 7 x 11 foot out parabolodd,
This 1s a horisontal grid structure with a grid specing of 0.5 in, This
paraboloid is fed by means of horn type entennes at the ends of the waveguide
transmigsion lines, The total length of transmission line in either system
does not exceed 10 feet. This antenna system can scan contimcusly in asimuth
and from =5 to 410 deg. in elevation. Only horizontal polarisation can be used,
due to the construction of the reflector, The beamwidth is 1,8 deg, in
asimuth at half power points on S-band, and 0.6 deg. on X=bapd,

411 ref and receiving components for both systems are located in a cad
which is sounted on the rear of the antenna system. The magnet and megnetron
of the Seband system are located in the cab., The modulator is located in the
control room and the pulse is transmitted to the magnetron bty means of &
high~voltege pulse cable and & pulse transformer. The modulator, magnetron,
and megnet of the X-band system are mounted i{n the cab. The high voltage,
sereen, and bias supplies, and the trigger are supplied by compoments in the
eentrol room and trangmitted to the cab components bty means of slip rings.

-The slip ring assenmbly used on S=2 consiste of four sections. One section
oontains 70 silver elip rings and silver graphite bterushes for uee in treans-
ferring the low voltage (115 volts) a~c¢ and d=-¢ powsr. This sestion also
handles all video connections, and systems controls used by the two systems.
The seoond section consists of two larger concentric rings shich handle the
screen and biss woltage supplies for the X-band modulator., The third seotica
oonsists of one large ring which supplies the high voltage for the modulator,
The fourth section 1is a coaxial rotating joint which is used to trensmit the
high=-voltage pulse up to the S-band magnetron,.
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Since this I-band system wes designed prisarily for short-palee work,
speoisl emphasis has been placed on the compcnents used, The modulator used
was specially designed and tuilt for this particular work. It furnishes
pualees varying in length from 0.20 usec down to & minimm of 0.02 nsee %0
8 high power BIL ,J50 magnetron,

The following receiver snd indiceting units are used, A special wide
band receiver with an i~f pass band of 35 Mc/sec is used to receive the very
short pulses. The video output from this receiver is fed to a special wide-
tand (35-Nc/sec) video amplifier and A-scope. This A~scope has swesp speeds
varying from 20 to 0.0005 in./usec, i.e., 40 yards to 1000 niles for the full
sweep. The intensity modulated indicetor used at present is a 7=-in, m=m PPI
with sweep lengths ranging from a minimm of 2 miles up to 800 miles. A
12-lc/sec video amplifier is used to drive this tube,

The eonatruction of a radar set to be used for short pulse work inmvolves
the application of some principles which usually will not ceuse any trouble
if neglected in conventionsl redar design. These principles will be discuseed
in connection with the various components whose behavior ie determined Yty thea.

As i3 well known, the pulse length uced by any radar system is determined
by the modulator which produces the high voltage pulse applied to the magnetron.
In designing such a modulator certein important principles should be observed.
Fundamentally, s hard-tube modulator is nothing more than a high powered video
amplifier, Thus, any principles involved in making ﬁdeu amplifisr with a
vory wide pass band are applicable to the design of short-pulse modulators. In
designing a short pulse modulator, one must first decide on the pulse length
and pulse shaping desired. The rise time desired on the pulse =ill determine

the hirhest frequency response required, und the shape of the pulse will
912+6
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deternine what type of pulse forming network is required, i.e., whether a
network made up of a small or large mmber of lumped congtant sections or
vhether & length of cable is needed,

The factors to be observed in the design of short pulse modulators
night be summerized in the following manner., A4ll stray capaocitances and
inductances mw:st be kept at & minimm. mgrmndiudl must be as short,
beavy, and ocommon as possible, i.e., if possible, all modulator components
and magnetron should bs mountsd on the same ground and as close together as
the necessary high-voltage precsutions will permit., All other connecting
wires must be as short as possible, i.e., if one wishes to keep the pulse
short and properly shaped, long leads should not be used between the modulater
and magnetron, or in the modulator itself, Transformer coupling cannot be
used for pulses shorter than 0.125 usec, since the prusent pulse transformers

éo not bave a good enough frequency response to pass shorter pulses. Also
they csuse ringing on the top of and following the pulses., Such ringing
oannot bs tolerated if one is interested in minimm ranges. Jitter-free
tubes must be used in the trigrering circuits, since any such trigger
dingtability will spoil the prescntation of the signals observed, unless the

v ea—.—

nodulator furnishes the mcster trigger for the other units, In & modulator=
triggered system, it is impossible to view signals at a minimum range, due
to the starting time of tie indicetors, liodulator tubes should have a high
transoonductance and very lov interelectrode capacity, as well as high power
dissipation, Highepower triodes arc not satisfactory, due to their change
4n capacitance with change in gein end tecause 56 mch power is required to
drive them proporly. Finally, all screen and bius supplies should be well i
requlated so thet the operating characteristics of the tube will not change ‘
shen the pulse length or repetition frequency is changed.
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An 4dea) short-pulse modulstor would be one which produces a very shord
pales with a very short rise time, a flat top with no spike at the front edge,
and a fairly short decay time with no ringing following the pulses. Scme
progress has been made toward this goal in the work on short pulses. Three
different modulators have been built and tested on systems in connection with
this work, The woltage pulses, available in each case, have very short rise
times ( 0,02 nsec), they are reasonabtly flat on top, the decsy time is
approdimately 0.2 psec, and there is no ringing following the pulse. Three
different types of pulse forming netmorks have been ugsed in these modulators
with comparable results. These modulators were tested on a 7254, a LVX, and
e BIL 4J50 magnetron. Each magnetron operated satisfactorily at all pulse
lengtha, Contrary to popular belief, the fast rise times on the pulses aid
not cause the tubes to jump modcs. Tho only time that instability of this
type was observable, occurred vhen excecsive spikes were nresent on the
deading edgea of the nulses.

8ince the present design of the shortepulse modulator is quite different
from that of the first modulator used in this work, a btrief survey of shorte

pulse modulator development as carried out in this group will be given.

The first modulator used was a standard nodel modified to attempt to
produce short pulses. It consisted of e combination of a pulse forming network
and a blooking oseillator to procduce a lowevoltage pulse, This pulee was
applied bty means of a transformer to a driver tube which in turn was transformer
ooupled to the modulator. The ocutput was applied to t_he nagnetron through
connecting wires about 15 irches long. This modulator was modified to produce

pulses varying in length from 5 psec down to 0,05 nscc, It worked satisfactorily
at pulse lengths down to 0.25 psec, tut below this valus the pulse had a very

poor shape and there was consideorsble ringing following the pulse, The errors
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1n the design of this modulator weres (a) the driver unit was built on &
bakelite chassis with no heavy common ground; (b) trensformer coupling csused
excessive ringing following the pulse; (o) a pulse transformer was used ia
the formation of the pulse == this method is unsatisfactory at pulse lengths
shorter than 0,125 psec dus to the frequency response of the pulse transformer,
(4) the poor placement of components necessitated long comnecting leads,
(o) the power supplies for the screen and bias volteges were poorly regulated)
and (£) the pulse shape was spoiled b the long connecting leads betwesn the
sodulator and the magnetron,

8inoe this first modulator was not satisfacoty a second one was designed
and congtruoted for work on short pulses, In this modulator, special attentiom
bas been given toward eliminating the defeots listed above, The entire
modulator is built on a steel chassis with components placed so that lesd
lengths are on short as possible, In addition, a change in pulse length from
its maximm length of 0.6 usec dovn to tho minimum of 0,03 psec does not
osuge the soreen or blas voltege to vary more than 28, The eircuit diagres
of this modulator is given in Fig, 1. The action of this modulator is as
followss A positive trigger is appliod to the first blocking oscillator.
This oscillator acts as an isolating cirouit so that any sise input trigges
ean be applied without affecting the operetion of the modulator. The output
Wwigger from the isolating eircuit is applied to a secoud blocking osoillator
shich furnishes a high voltage irigger with a very fast rise time (400 volts
Jees) to the hydrogen thyrstron. The plate of the hydrogen thyratron is
m to the primary of an eirecore transformer, The secondary of this
trensformer is tuned to the fundamental of the desired pulse vhile the primary
4s tuned to some frequency much lower. When the thyratron fires, the secondary

of the transformer begins to oscillate at its resonant frequency. It is
912-9
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allewed 80 oseillate for a positive half cyole, then is sharply damped

W & diode oonnected across it. Due to the 23l step up ratic of the
teensformer, this positive balf cyols has a voltage of approximately twice
that across m.ﬂwnhon.. This positive high voltage pulse is applied
between the grid and the cathode of the driver tube (3I29), and the
bootstrapping action drives the grid of the 3E29 beyond the voltage required
for plate saturation, Consequently the clm'bput teken off the oathode of the
tuabe 4s & square, flat=top pulse with very steep sides. This pulse is applied

directly to the two modulator tubes (5D21's) which in turn pulse the magnetrom.

The magnetron is mounted adjacent to the ocutput terminale so that the
oonnecting leads are as ghcrt as possiblo. The pulse length is changed ty
changing the air-core transformer and the 3229 cathode resistor. These
oonponents are mounted on an octal socket vhich is plugged into the frond
panel of the modulator.

The saximum power output obtainable from this modulator is limited
bty the modulator tubes which in this case are incapable of furnishing
pulses greater than 20 kv and at peak currents of 30 amperes, Higher
voltage cannot be obtained from the type of modulator tube used here becsuse
of the internal arcing which occurs between elements in the tube,

The pulse lengths obteined were determined by measuring the voltege
pulse on a fagt sweep synohroscope, and checking the r-f cutput by means
of the spectrum amalyser, The frequency differcnce between the first
minima on sach side of the center of the r-f spectrum for the different pulse
lengths is given in Table I.




TABLE I. Theoretical and messured frequency differences for the rf
spectra of a magnetron operated at different pulse lengths,

.:Prllllo length in Theoreticsl frequency Neasured =
uses difference in Mo/sec difference in Mo/ses .
0460 3.3 . 3.5
0,25 ' 8,0 ' 8.0
0.10 20,0 20,0
0.05 40,0 . 40,0
0.03 66,0 58,0

When the shortest pulse length was used it was impoasidle to obtain
an acourste measurement with the spectrum enalyzer because (1) the spectrum
analyser receiver has an i-f pass band centered at 35 Mc/sec, consequently
the spestra on the upper and lower side bands overlapped somswhat when the
frequency sweep was extended far enousgh to include the complete spectrumj
and (2) the local oscillator in the specirum cnalyzer did not give a constant
output over the frequency range reguired for the spectrum presentation.

These modulator tests shown in Tabtle I were made using the short-pulse
modulator previously described and a 7254 megnetron oscillator., Similar
results were obtained using a LVX rz2iaetron. The shortepulse modulator is
now used in the D2-1 experimental sy:tem.

The modulator huilt for use cn the Z=2 was besed on the resulte obtained
on the D2-1 modulator. One of the llnitations of the D2=1 modulator was the
high wvoltage of the pulses obtainablc., OSince the 725A magnetron was operating
at these short pulses at 20 v without arcing, it was falt cesirsble to
determine the naximm high voltege pulse thai the 725A magnatron could stand
without internal arcing occurring. Also, since too new BTL high power X-band

magnetron was availahble, it wes nucescary to have a modulator which could
912~-11




furnish voltage pulses as high as 30 kv, Vith these requirements in mind,
a highepower short-pulse modulator was designed and constructed., The result
. is a modulator capable of furnishing 35 kv pulses at peak currents of 70
smperes. The pulse length can be varied froa 0.20 psec down to & minimom
of 0.02 nsec. '
A view of the modulator 1s shown in Fig. 2. As can be peen, all oom=
ponents are placed in such a way that all lead lengths are at a minimm, A
heavy common ground consisting of a brass plate on which all of the com=

ponents sre mounted eliminates any troublesome ground currents. The paresitis )
sesistors in the modulator plate leads mere eliminated without introducing
parasgitio oscillations by connecting all of the plates in common to a heavy
brass plate. There were no stray inductances dus to lead lengths in the
plate eirc:it because the one terminal of the coupling condenser was

P connected direotly to tho trass plate and at the other terminal to the
magnetron which, along with the electromagnet was built into the modulator,
The viewing scope in the upper cormer is :sed to view the voltage pulse.
It has & 3 inch cathode=-ray i.be with sweep cpeeds varying from 1 to 12 in./hses.
The msgnet used is s water-cooled electroma net capabls of producing a Tagnetie
field of 12000 gauss between pole pleces spaccd a distance equivalent to that

4n & BTL 4J50 magnetron, A closed watereccoling system with forced eirculatiom ;
48 used to 0ool the magnet and the mapnetron. :
A diagram of the medulator circuit is given in Fig.. 3. Its operetiomn
48 as followss A positive trigger is applied to the blockirg oscilleter
trigger suplifier which produces a high-voltage, fast-rising (€00 volts/uses)
* 4rigger for the hydrogen thyratron (4C35). The hydrogen thyratron fires
'- across the pulse forming networ!: which has been resonance charged through

the inductance and Aiode to & voltege approxisately twice that availabls
between the positive and ne alive sipply. ‘then the thyratron fires it

o e S e T
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short=circuits the pulse forming line and & positive voltage equal to ome
- Dalf that scross the 1ine appears across the resistor in the cathode cirouit
of the thyratron. This voltage remains at this level while the voltage wave ;
travels down to tbo.ond of the network and 1s reflected back out of phase to
oancel the voltage soross the resistor. The actual resistance which is supposed
to match the impedance of the pulse forming network is composed of the 20=ohm
resistor in the thyratron cathode circuit and the grid resistance of the mode

ulator tubes when they are driven positive. Sinoe the pulse shaping depends

e o 25
[

on this matching resistance, it is important to choose the operating conditiom

of the modulator tules 5o that the grid impedance will be correct. The positive

voltage pulse thus produced iz applied direet].y to the grids of the four 6023

sodulator tubes. The ocutput from these tubes ia applied directly to the magnetron,
The pulse-forming networks used in this modulator are mede up of sections

of highevoltage 50-chm pulse cable, The shortest pulse (0.02 psec) is produced

ty a section of cable 5 feet long. This seotion is rigidly mounted in the

modulator, with a high voltage coupling on the free end, Longer pulses are )

obtained merely by adding longer sections to the short section. The high voltage .

oouplings change the characteristic impedance of the cable somewhat dut not

enough to affect sericusly the pulse sheping, The maximum pulse length obtain-

able by this method depends on thc length of accessible cable., The maximm pulee

length in this modulator was reatricted by the size of the coupling condenser

between the modulator and the magnctron. AL longer pulse lengths, the slight

droop caused by the condenser dischsrge caused some instability in the magnetron

operation. The pulse lengths obtained with this modulator were measured by

means of the voltage pulee, the r-f pulse end the ref spectrum., The photo-

grephs in Pig, 4 show the voltago pulses end thz corresponding r—f pulses.
In the case of both the voltago pulsos and the r=f pulses, the ringing
observed is caused mainly by the lead longths in th.o soopos, and by the cables
' 912-13




used to comnest the modulator to the scope. One has only to remesber the
M'A-froquonq components present in such ghort pulses to appreciate the
problems encountersd in presenting such pulse shapes properly. The photo-
grephs in Fig, 5 show the r-f spectra for the different pulse lengths along
with the oorresponding voltage pulses. _

A modulator using this same cirouit but with lower=voltage tubes and
a pulse-forming network made up of lumped cox;nhntu was constructed to test
the effect of short pulses on the operation of the LVX magnetron. The cirouit
used a 3045 thyratron and a 3E29 modulator tube., The pulse forming networks
for the two pulse lengths were made up of three seation L=C networks. The
photographs in Fig. 6 show the voltage pulses, current pulses, and r-f spectra
for the two pulse lengths tried,

The operation of the modulator used on the Ji=1 ._yato- is very similar
to that of the S-2 modulator. Two 5021 modulator tubes are uscd and the
driver unit consists of a 3045 hydrogen thyratron with a pulse-forming network
made up of lumped constant I=-C circuits. The matching impedance for the
pulse~forming network is located between the cathode of the thyratron and
ground, The cathode of the thyratron is condenser coupled to the grids of

the modulator tubes. Resonance charging of the pulse-forming network is

not used in this circuit, This modulator furnishes pulses varying in length
from 5 usec down to a minimum of 0.10 psec. The maximum power output of this
modulator is limited by the 15-kv high=voltage supply. However it is adequate
for the type of magnetron used,

Rather extensive tests have bee: mzde on the operational characteristics
of the X-band magnetrons when opersted at these various pulse lengths, MNaximum
power output has been mcasured as & function of pulse length, magnetic field,
and voltage., In genersl, the results agreed with results obtained at longer

pulse lengths. The graph in Fig. 7 shows the relaticuship of maximum power
912-14




output to pulse length. The efficiency of the megnetron is also showa for

the different pulse lengths. '
A summery of the results of these tests is as followss

(1) The peak power ocutput of the mgnetrou inoreased as ‘the pulse length
was decreased, The peak power output varies .:lnveraely as the square
root of the pulse lemgth ratio, .

(2) The magnetron could be operzted at much higher ﬁlhgae with the
shorter rulse lengths,

(3) The magnetrons were more stable and had a highe: outpu” and effieiency
when operatol at high voltege and low currents than vice versa,

(4) The ref spoctrum had cood sheping at all pulse lengths if the voltage
pulse was properly shared,

(5) Most of the maguetrons tested, whon operated with short pulses, performed

better at higher repetition frequencies.

(6) The shaping of the pulse hed a great influence on the stability of the
sagnatrons, Fast rise times did not cause any instability unless there
was a spike on the front edge of the pulse,

(7) The starting time of the megnetron varied between the different types

of magnetrons, In general, the 725A magnetron seemed to have the shortest

starting time,.

IV. RECEIVER AND INDICATOR DESIGN

The i-f bandwidth of any reeciver used in 2 rader system is usually
chosen with respect to the pulse lepufl uszd by thc systeme. In order to
have & maximum cignal to nolsg> ratio in a redar receivor, it is nocessary

to have the 1= bandwidth of the rcceiver set at soms optirum value to reeeive

as much energy from the returning rulse as possible without also i'eceiving a

large amount of noiss. Studies on the optirua bundwidth forr rcot’vers indicate
912-15
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that the i-f pass bend should be approximately 1.2 timss the reciproosl

of the pulse length used, Thus, for the very short pulses, wide i-f pass
bands are required == e,.g., for & 0,10-usec pulse length the i-f pass band
should be 12 Mc/see, while for the 0.03 psec pulse the i-f pass band should
be 36 Me/sec. The minimum pass band which should be allowed for the video
amplifier is one~half that of the i=f pass band., If the video pass band

is narrower than this some loss in signel strength will occur as well as

very poor pulse reproduction. If one is interested in good pulae reproduction
the video pass band should be wider. Also, if a system is to be operated i
under conditions where off=frequency c~w interference is encountered, the
video pass band should be as wide as the i=f pass band. A more complete
discussion of this condition i3 given in & report by Allred, (2)

The receivers nsed on the D2=1 and the Jl«l systems weie designed and
built for the reception of pulses as short as 0.10 urec, They have an i-f
pass band of 15 Mc/sec centered st 30 Mc/sec. These receivers consist of
1, single-tuned steges arranged in seven gets of staggered pairs. The pass
band is changad by inserting a two stege narrow band i=f amplifier in place
;t the regular amplifier stages murbers 9 and 10, Plate detection is used
at the second detector and the video signals from a cathode follower are
fod to the video amplifiers at & 5-volt level through a 75-ohm line, Type
6AK5 tubes are used in the ief sectiocn, and 6AG7 tubes in the video section,

The receiver used on the S=2 X-hand system is also of special design,
It has an i-f pass band of 35 Mc/mec centered at 80 Mc/sec. It consists of
15 stages of GAKS5 i=f amplifiors arrsnged in three sets of staggered
quintuplets. The second detector is & plate detector. The video signals
are fed down to the video emplificrs et a 1 volt level through a 70-ohm

video cable,

(1) C. ¥. Allred and A, L, Gardner. R. L., Report No, 910
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for wide band 1-f asplifiers worked out by H. Wallmen(2) ‘e circuits for
these two i-f amplifiers are shown in Figs., 8 and 9, ‘A pholograph of the
35 No/sec receiver is shown in Fig. 10, _

The video amplifiers used on the intensity modulated indicators were
of standard construction., Shunt peaking was employed to obtain the
necessary bandwidth. Type 807 tubes were used in the last two atages. The
indicator tudbes were all driven in parallel across a 75-ohm terminating
resistor, Positive signals were applied to the grids of the indicator tubes.
The indicators were connected together by what is called "peicheord 'teehnl.quo.'
The grids of the intensity-modulated tubes were connected to the cenmter
oconductor of a 70~chm cable prcperly terminated at the last tubs. The
connections between tubes were made by plug=in jacks in such a way that the

terminating resistor at any tube was opened when the cable leading to another
tube was plugged in,
The type of A-scope used on the D2« and J1l-1 contains a 5-in, cathode-ray
tube with an 8-Mo/sec video amplifier built into the unit. This video amp~-
1ifier consis:s of a GACT tube driving a €V6 phase inverter. The signals '
from the phase inverter are taken off the plate and the cathode of the 6V6,
These signals are applied to the grids of two 6AG7's which in tura drive two
807's. The latter tubes aprly the signals to the deflection plates of the
cathode=ray tube, Shunt pesking is used on thc 6AG7's and the 807's. This
amplifier has sufficient gain to give a 3=in, defloction on the acreen of
the cat!ode ray tube when a 5-volt signal is ep-lied at the input,
The A-scope and video smplifier used on the S=2 system is the latest
design of wide=band video mmplifier. This amplifier has a bandwidth of
35 Mc/sec and a voltsge gain of 1CO which gives a l-in. deflection on the

(2) H. Wallman, R, L. Report No, 52
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Se«in. soreen when a video signmal of l-volt is applied at the input. In order
%o achieve this band-vidth with amplifier tubss now available it is necessary
. to run the tubes above their reted plate and screen dissipations. This is
avoided by pulsing the tubes in the laat two steges at a duty cycle of

[ 30 per cent, The circuit for this amplifier and its sccompanying pulsing
circuit is shown in Fig. 11. The sweep speeds available on the A=-scope of
this unit range from 20 in/hsec to 0,0005 in./usec, i.e., 40 yards to 1000
ailss for the full sweep. The pulsed section can be delayed along with the
swesp so thet aignals at any range of the entire sweep can be presented on -
the fastest sweep.

1 e Ths video amplifier used on the PPI of the S«2 system is similar to
that used on the D2~] and Jl~1 indicators, with the sxception that lll
improved circuit is used which results in a bandwidth of 12 Mc/sec. This
amplifier also drives the FPI across & 75-chm loed.

When the use of the short pulses is considered, the first question which \
arises 1s what is gained or lost in using them? The net gain or loss depends
on the purpose for which they are to be used, as woell as such factors as
ths maximum power obtainable at the differcnt pulse lengths, the maximm
powsr consumption for the different radar units, and the loss in signal to

noise ratio in going to shorter pulse lengthsa,
If the peal power output from a magnetron is kept constent for all pulse

lengths, then the energy per pulse is directly proportional tu the pulse
length. Similarily the energy in the signel return from a solid reflector
| will vary directly as the pulse length. If the receiver band-width, and

| ; sweep length on the indicator of the radar system are kept &t an optimm

value, then the sipnal return fi'om & solic reflecto~ wonld decrcase by a
' g12-18
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loss of 10 4b in signal intensity, orudomnnotwlinmgoonnnhl
target. This would be disadvantagecus to a system primarily interestsd in

a high signsl to nolse ratioc on longerange targets. However, th.owhallou
need not be thig great because the magnetron will give higher pesk power
out=puts at the shorter pulses and the repetition frequency can be increased
due to the lower duty oycle. The increase in signal to noise ratio dus %20
change in repetition frequency is proportional to the square root of the
Tatio of the repetition frequencies, The inorease in peak power output from
the magnetron is roughly inversely proportional to the square root of the
pulse length es is shown in the graph in Fig. 7. A4 calculation of the loss
in signa) strength expected on the D2=1 system is given in Table II,

TABLE II. Calculation of the signal loss expected when the system is
operated at 0,03 nsec instesd of 1 usec,

Pulse length ratio T . 1 av
0,03 usec

Naximm pulse . %h =6 db

power ratio 160 kw

Repetition frequenay —i —dl

ratio 1000 5 db

The resultant loss in going to the shorter pulse is 5 db instead of the
14 ab one would expect due to pulsc length variation alocne,

. Since short pulses are used primerily for sipgnal definition, W
examination of such =ignals will be dune on expanded sweeps. Tests have

shown that the optimum sweep speed tc be used on an A=gcope or FPI to.r

oaximum signal to noise ratio is one in which the signal is approximately

1l mm long. This would correspond to a 10 mile sweep of & 5% cethode ray tube
9)2-19




forel nees signal or & 1 mile sweep for 0,10 pisec, and 0.3 mile sweep for

8 0,03 nsec signal, This sweep speed would be quite sufficient for the
olose examination of signals, However if the sweep speed is doubled or
halved, the presentation loss amounts to approximately 1 db on an A=goope,
and approximately 0.5 db for a PPI. Thus the optimum condition for

viewing signals corresponds to that used in the examination of most

signals, However, this is not too important, because such cereful
examination of most signals is carried out when the signals are much stronger
than noise.

Extensive operationsl tests using the various pulse lengths available
have been made on various targets such as planes and land targets, The
results agreo reasgonably well with those predieted, Intensity teats at
pulnhngt.hsotl.bnuc, 0.25 nsec and 0,1 nsec were mede on & THM
airplane. The peak power out=put and the repetition fyrequency vere held
oonstant for all pulse lengths. In addition the sweep speeds on the
indicators and the i-f pass bend were held at the optimum value for
minisum loss. The results are plotted on the graph :ln Fig. 12, As can
be seen, the loss in going from 1,0 msec to 0.1 usce corresponds to the

value predicted by theory. These messurcments were taken in the menner
described in  Radiation Laboratory repart.(3)

Iutensity tests ware also mnde at pulse lengths of 0.25, 0.10,
0,05, and 0,03 uses on two stroag lend signels. The peak power and
repetition frequency were kept constant at all pulse lengths, Tho data
are given in Tahle III,

(3) L. B, Linford, Radiation Laboratory Report No. 64=10
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TABLE III, Operationsl data showing a comparison between the theoreticel
and observed decrease in signal strength from targets for decreased pulse

1.!!‘“1’ .

Pulse length Observed aignal. Obgorved Theoretical
Signal in nsec Intencity in édb Jiffererce in db difference in db

a 0425 15 - =

0.10 _ 1L 4

0.0 8 3

0.03 5 3 2.2
B 0.25 30 - -

0,10 26 4 4

0,05 25 3 3

0.03 20 3 2,2

The remlt.s‘agree with tho veluss predicted by theory, with the exception
of the 0.03 psec puise. The added loss ot this pulise length resulted from
the fact that the receiver i-f pass band waa too narrow (15 !-F.c/sec wes used
for 0,10, 0.05, and 0,03 psac pulnug), wrd te _naccuracies in makirg the
measurements,

The signel return frr.m an e4r plend or fixed target comeg from the
front or visible surface of the terget. The to%al ensrgy in a radar pulse
is containsd in a volume whosa cross section is determined by the beem width
of the antcnna bean, and whoge depth is determined by the rader pulse leagth.
In the case of reflection from a zolid object, all of the ensrgy incidert
upon the reflecting surface of the object will te reflectod or ehsorhed,

In the case of clouds cr windcw, the sigoal return comes from a large muzber

of individuel reflectors disiributed througbout the volume determined by the

radar pulse, If tho pulse Jength is decreesed, this wvoiuvme ig decreased

N2.81
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ard hence the mmber of reflectors, or the effective reflecting aree, i
reduced, Thus, for clouds or window, the effective reflecting arsa deponds
on the uise of the cloud and o2 the 1tder pulese longth used, whils 4in ths

case of a solid object, ths eflectivs rcflecting arce is indexxrdcnt cf the
redar pulse length and depends caly on the slge of ile object its:lf, Heaoe,
the use of short pulmes suculd ciseriminete batveen clouds erd soill tergets
in favor of the lutter. If ibe pilse Longth were reduced {ivm 5 jsec to

0.10 nesc, the sifral intensiiy less cn 2lcvds with =acpest Lo lané signals
should be 17 db. Exporinerial intonnity tests wudo 0a ¢lcudz epd lerd ignals
indlcatnd a loss of 18 db. Sin’ler tests on vialer with reapoct Lo er
airplano indicete the eams rezalin., The PPI photograshs in Fig. 13 show

how the cloud intensity decrsesos with deerenclrzy midse Lergta,

] An ldeel rudsr systea ia cne whlch cer pairt a PRI pleturs in wiick

the upot size of the sigral ca the FPI 13 ideaticel In sizs te tho eorcespondirg
object on an rorind photogravh cqual in sice fo the PRI pirture. In cder
for this to bo peseiblz, it wowl.d e recassery io have eh anlenp: petten

of infinitely narrovw teem widta; e boenemitier which txnemits palsce shorter
in duration than any object which will pive & reflectlon; & rocciver with a
pess band wide encugh to rsceive su.ch & pulge; zad ar indicatbor- wita & apol
size small enouzh to distinctly peird the srallest signals vecsived, 4t the
present time, such ragquirements cariot bo nsty tut 2 compaidsoa bHutwzon e
radar pieture of three years ign with tae test yreczatetlion et ohtainerd

&a shown in Fig, 14 will chor how mch progrees Les bser zade In ihile directloln.
The PPI photogreph taken thres jeocrz ero wos takon e¢n ke experizentel 3-bapd
system Ji-1, The antcnoa beszsuctbh ns & demrecs; tha julsc lengia wes

1 psec and the presantstion wei . 2 flve wile s7oer leagth., Tha Chorles
River Bz2sin 1p just vieldls 3 conbar of %v pletura, Tho moat recont

photograzh vas telie R : % dersecs,

3




the pulse length was 0.03 usec and the presentation was of a one-uilzs sweep
length. In this photograph the Charles River Basin is cleerly visible, as
well as the bulldings on the M.I.T. campus.

Since radar gystems have an antenna pattera with & finite beam width, a
target some distance from the redar system will appear es an arc on the PPI.
Since this bnam width cannot teo decrcased at vwill, one might question the
advisabllity of using a pulse longth short encugi: .o make range discrimination
mach better than azizuth definicica &t the range of the terget being -
examined, A study of the photographs ia Flg. 75 will shov how much i1s gained
in signal identification Ly gcing “o shorber pulses, These photogrerhs show
tte one-milo azimth presentaticn ro:* tha Jl=i in going frou 5 nsoe down to
O.IQ Ns0C.

The related problem of renge definition versus azimuth dofinition 1is
1)lustrated in Fig, 1€. Here, one photograph shows the meppinc proivced by
using a nerrow antenna pattern (1.5°) and relatively long rulces (1 jwee),
vhile the other chows the mappinz preduced by a broad satense patiern (£9)
and short pulses (0,10 nsec). Nuch more signal. definition is afforded by
tke broad beem &nl crort pulse presentation.

The idenl soluticn, s ataled proviousiy, ls to Jecreczse both tro
bean width and tho puleo leagth, Ths best eyzaple of this obtained thus far
is the photograph in Flg, 27, Thls is & photograph of sigrals received on
the X-and 5-2 systcm at 0.03 nses pulse length end 0,6° entennn beau erd
displzyed or a two=aile PPI sueep. Since the artenna 13 located much higher
than the surrounding buildings and since the besm 1s so nurrow in elovation,
only & limited rozica around M.I.T. iz ful’y illurdrated. This ragion
23luminated depends on *he engle of elevatiol of the antenna systom., The

accompanying iep and eeriasl photographs show how much cun be distinguiched

on the Irl, 91023




In the use of these very short pulses, very many interesting facts
have been observed. In genersl, buildings and sclid objects give a very
steady signal return, while trees, boats, birds, and flags give a signal
which fluctuates quite rapidly., The smallest targets thus far observable
are seagulls, skaters, tuoys, lamp posts, flags and rowsbcats, Subway
trains can easily te followed over the Longfellow bridge.

An additional advantage gained by the use of short pulses is the
decrease in minimm range, The miniprum range on a tarzet obtained on the
D2-1 PPI s a turret 25 feet away. The minimm range et which a target is
detected on the Ae=scope 1s 3 feet. The target was a corner reflector held
outside the turret. This minimum range is much lecs then has been required
as yot, tut it does indicate that such minimum ranges are possible,

One problem met in the PPI presentation of short pulses on short sweeps
starting at the transmitter is that of side lobes and signals caused by
secondary reflection from near-by radomes, walls, ctc. Sirce the signal
intensity from any target follows tho inverse fourth power law, a target
near-by will give a much stronger signal then one some distance evay, and
in some cases, the side lobes from such ncer=by targets are strcng enough
to show on tho PPI. These side lobe signals end secondary reflections cun
be eliminated by the use of a scnsitivity time control unit. This unit can
be nsed to decrease the receiver gain immediately following the initial
pulse, then allowiné +he gain to increase¢ following an exponential curve,
With such a eircuit it 1s possible to present near=by signals unszturated
while nolse is showing on the cuter cdge of the scope. This same unit has
been used successfully on the AEWN to help reduce the masking of signals due
to sea olutter.

As e countermeasure egainst eneuy interference the velue of short-pulse

rader systems depends on the type of interferznce. For ccufusien interference

912424




such as clouds, window, and sea return, the uss of short pulses is valuable
inmasmuch as such signals are discriminated against in favor of more solid
targets as discussed earlier. In the casse of permeanent echoes, short pulses
are valuable in that they make possible greater siznal definitions and hence
decrease the possibility of confusion ceused hy large blocks of solid signals.
The ability to identify certain factcries, gas tanka, offe=shcre mignals, is
very valuable in serial navigation., Ths phetographs in Figs, 15, 16, and 17
amply illustrate this fact,

Unfortunately, enomy interfsrence is not limited to such forms es
mentioned previously. Other types of interference include various forms of
c-v jamming, railings, noise, and false signals., The wide band receivers '
necessary for short pulees are quite vulnerabls to these types of jamming
because they will receive such signals over their entire pass tand. Other
counternmeasures such as back biasing, railing suppression, and fas% time
constants must be used in the recsivers under such jemming conditions.

Since the uses to which & radar set cen be put are many and varied, the
choies of pulse length depends on the furction of the radar set, If the
rader system is an early warning system where raxiuum sigrales to nolse is
most important, it would be unwise to nae short pulses. On the other hand,
if the set 1s to be used in navigation, fire control, or in such tasks
where accurate ranging end sigrsl definition are most important, chort pulses
would be very valuable,

If a system is to serve one epecific purpose then the pulse length
best suited for that purpose should he used, JIf the system is to be used
for a variety of purpoeses, then several different pulss lengths ghould e

available.

Vern:1 Josaphson
Hovember 30, 1945
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FIG. 2 — PHOTOGRAPH OF S-2 SHORT PULSE MODULATOR
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0.05 U SEC VOLTAGE PULSE 0.05 U SEC R.F. PULSE

0.03 MSEC R.F. PULSE

0.02 MSEC VOLTAGE PULSE 0.02 MSEC R.F. PULSE

FiG. 4 — VOLTAGE AND R.F. PULSE SHAPES OBTAINED FOR THE PULSE
LENGTHS AVAILABLE ON THE S—2 MODULATOR AND ITS 4J50 MAGNETRON.
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FIG. 5— VOLTAGE PULSES AND CORRESPONDING R.F. SPECTRA FOR
DIFFERENT PULSE LENGTHS ON THE S—2 MODULATOR AND ITS

4J50 MAGNETRON.
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FIG. 6 — VOLTAGE AND CURRENT PULSES AND R.F. SPECTRA FOR
TWO PULSE LENGTHS OBTAINED WITH ALVX MAGNETRON.
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FIG.8 CIRCUIT DIAGRAM OF I5MC/SEC RECEIVER
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AS A FUNCTION OF PULSE LENGTH.

912




912

FIG.9 CIRCUIT DIAGRAM OF 35 MC/SEC RECEIVER
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FIG. I3~ PHOTOGRAPHS SHOWING THE DECREASE IN CLOUD SIGNALS
WITH DECREASING TRANSMITTER PULSE LENGTH.
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! FIG. I7- COMPARISON OF S-2 PPl WITH AERIAL PHOTOGRAPH AND MAP.
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ABSTRACT:
Investigations have been carried out on the problems of producing short pulses and the necessary
equipment for utilizing these pulses. Modulators capable of producing pulses as short as 0.02 micro
sec have been built and tested. A receiver with an IF pass band of 35 mcps and a video amplifier
and A-scope with a pass band of 35 mcps have been built and tested, Three different types of
magnetrons, T25A, LVX, and 4750 have been tested on short pulse operation with good results.
Radar operational tests using short pulse equipment indicate that short pulses are quite valuable
in combating confusion types of interference and in obtaining good signal definition, but are not
recommended for long range operation, or where a.ny types of electrical interference are present.
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